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FIG. 11
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FIG. 19
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FIG. 17
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FIG. 18
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DISTRIBUTED PRINT JOBS FUNCTION AND
UTILIZING WITHHOLD PRINTING
COMMANDS
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Japan on Jul. 22, 2008.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a network printing tech-
nology.

2. Description of the Related Art

In recent years, a network printing technology 1s being
actively developed. For example, Japanese Patent Applica-
tion Laid-open No. 2003-27134"7 discloses a network print-
ing system in which printing 1s performed at a printer con-
nected via a network such as Internet.

FIG. 19 1s a schematic diagram for explaining a conven-
tional network printing system. The network printing system
in FI1G. 19 1s configured as an extranet environment 1n which
an 1ntranet environment 200 1s connected to an intranet envi-
ronment 300 via a network 400. In such a configuration, it 1s
possible to carry out a print job at a printer arranged 1n the
intranet environment 300 by giving a printing 1nstruction
from a host computer arranged 1n the intranet environment
200, and vice versa.

However, during a printing process, there 1s a possibility
that an error such as a paper-out condition, a paper jam con-
dition, or a toner empty condition occurs in the printer thereby
causing interruption in the printing process. If the host com-

puter 1s not notified about such an error, then there 1s a pos-
sibility that the problem 1s left unattended.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to at least partially
solve the problems in the conventional technology.

According to an aspect of the present invention, there 1s
provided a printing device configured to print printing target
data received from a host apparatus on a recording medium,
the printing device connectable to a lower level printing
device that 1s a different printing device arranged on a down-
stream side with respect to the host apparatus via a network.
The printing device includes a withhold command 1ssuing
unit that 1ssues a withhold command to the lower level print-
ing device to mstruct the lower level printing device to with-
hold printing a data sending unit that sends the printing target
data to the lower level printing device; a printing unit that
prints the printing target data on a recording medium on a
page by page basis; and a data-delete command 1ssuing unit
that, for each printed page printed by the printing unit, 1ssues
a print data deleting command to the lower level printing
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2

device to instruct the lower level printing device to delete a
portion of the printing target data corresponding to the printed
page.

According to another aspect of the present invention, there
1s provided a printing device configured to print printing
target data received from a host apparatus on a recording
medium, the printing device connected to a higher level print-
ing device that 1s a different printing device arranged on an
upstream side with respect to the host apparatus via a network
and the printing device 1s connectable to a lower level printing
device that 1s a different printing device arranged on a down-
stream si1de with respect to the host apparatus via a network.
The printing device includes a withhold command receiving
unit that recetves a withhold command from the higher level
printing device, the withhold command instructing the print-
ing device to withhold printing; a withhold command for-
warding unit that forwards the withhold command to the
lower level printing device, the withhold command 1nstruct-
ing the lower level printing device to withhold printing; a data
receiving umt that receives printing target data from the
higher level printing device; a data sending unit that sends the
printing target data to the lower level printing device; a print-
ing unit that prints the printing target data on a recording
medium on a page by page basis; a data-delete command
receiving unit that recerves a print data deleting command
from the higher level printing device, the print data deleting
command instructing the printing device to delete a portion of
the printing target; a data deleting unit that deletes the portion
of the printing target data specified in the print data deleting
command; and a data-delete command forwarding unit that
forwards the print data deleting command to the lower level
printing device 1f installed, the printing target data deleting
command instructing the lower level printing device to delete
the portion of the printing target data specified in the print
data deleting command.

According to still another aspect of the present invention,
there 1s provided a printing system including two or more
printing devices to perform printing of printing target data
received from a host apparatus, the host apparatus being
connected to the printing devices via a network. The printing
system includes a monitoring request sending unit that sends
a print status monitoring request generated by the host appa-
ratus to a highest level printing device arranged on an
upstream side of data communication; a monitoring request
forwarding unit that sequentially forwards a print status
monitoring request from the highest level printing device to a
lowest level printing device arranged on a downstream side of
data communication; an appending unit that appends
response information generated in each of the printing
devices corresponding to the print status monitoring request
in a sequence from the lowest level printing device to the
highest level printing device to obtain an appended response;
an appended response sending unit that sends the appended
response to the host apparatus; a print report generating unit
that, based on the appended response, generates a print report
regarding a print status of each of the printing devices; and a
print report sending unit that sends the print report to a print-
ing device from among the printing devices that performs
printing at the last.

According to still another aspect of the present invention,
there 1s provided a printing system including two or more
printing devices to perform printing of printing target data
received from a host apparatus, the host apparatus being
connected to the printing devices via a network. The printing
system 1ncludes a request sending unit that sends a request
generated by the host apparatus to each of the printing devices
in a sequence from a highest level printing device arranged on
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an upstream side of data communication to a lowest level
printing device arranged on a downstream side of data com-
munication; an appending unit that appends response nfor-
mation generated 1n each of the printing devices correspond-
ing to the print status monitoring request in a sequence from >
the lowest level printing device to the highest level printing,
device to obtain an appended response; and an appended
response sending unit that sends the appended response to the
host apparatus.

The above and other objects, features, advantages and tech- 1o
nical and industrial significance of this invention will be
better understood by reading the tollowing detailed descrip-
tion of presently preferred embodiments of the mvention,
when considered 1n connection with the accompanying draw- 14

ngs.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a schematic diagram of a network printing system
according to an embodiment of the present invention;

FI1G. 2 1s a schematic diagram for explaining an exemplary
configuration of the network printing system:;

FIG. 3 1s a block diagram for explaining an exemplary
hardware configuration of a print server 1n the network print- 25
Ing system;

FIG. 4 1s a block diagram for explaining an exemplary
hardware configuration of a printer 1n the network printing,
system:

FIG. 5 is a block diagram for explaining a functional con- >V
figuration of the printer implemented during a substitutive
printing process;

FI1G. 6 15 a block diagram for explaining a functional con-
figuration of the print server implemented during the substi-
tutive printing process;

FIG. 7 1s a diagram for explaining various functions per-
tormed by the printer during the substitutive printing process;

FIG. 8 1s a sequence diagram of an exemplary network
printing process in the network printing system; 40

FIG. 9 1s a sequence diagram of sequential appending of
response information in the network printing system;

FIG. 10 1s a sequence diagram of an exemplary printing,
process when no error occurs 1n a main printer;

FIG. 11 1s a diagram for explaining exemplary appending 45
of response mformation;

FIG. 12 1s a diagram for explaining an exemplary page
information table maintained in the printer server;

FIG. 13 1s a diagram for explaiming an exemplary error
information table maintained in the printer server; S0

FI1G. 14 1s a sequence diagram of an exemplary substitutive
printing process when an error occurs 1n a main printer while
printing print data;

FIG. 15 1s a sequence diagram of an exemplary substitutive
printing process when an error occurs in more than one printer
while printing print data;

FIG. 16 1s a diagram for explaiming an exemplary substi-
tutive printing process when an error occurs in more than one
printer while printing print data;

FI1G. 17 1s a sequence diagram of an exemplary print report
generating process performed after completion of the substi-
tutive printing process;

FI1G. 18 1s adiagram of an exemplary print report generated
during the print report generating process; and 63
FIG. 19 1s a schematic diagram for explaining a conven-

tional network printing system.
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Exemplary embodiments of the present invention are
described in detail below with reference to the accompanying
drawings. The present invention 1s not limited to these exem-
plary embodiments.

FIG. 1 1s a schematic diagram of a network printing system
100 according to an embodiment of the present invention. The
network printing system 100 1s configured as an extranet
environment in which an intranet environment A 1s connected
to an intranet environment B via an external network 101 such
as Internet. Each of the intranet environments A and B 1s
assumed to be, although not limited to, an 1n-house network
environment of a business establishment configured based on
Internet technology.

For example, the intranet environment A 1s assumed to be
the 1n-house network environment of a head office of a con-
venience store chain, while the intranet environment B 1s
assumed to be the in-house network environment of a fran-
chise store of the convenience store chain. The intranet envi-
ronment A includes an internal network system 3 that 1s
connected to an open server 4 such as a World Wide Web
(WWW) server via a firewall 6. The internal network system
5 1s built on a client-server architecture in which a plurality of
server computers 1 (hereinafter, “servers 1”’) and a plurality of
client devices 3 are interconnected via a local network 2 such
as a local area network (LAN). In the example shown 1n FIG.
1, the client devices 3 are assumed to be, although not limited
to, printers. The firewall 6 1s configured to monitor data pack-
cts that are communicated between the internal network sys-
tem S and the external network 101 via the open server 4.
From the security perspective of the internal network system
5, the firewall 6 determines whether to allow or to block the
communication of each data packet based on predetermined
conditions.

The intranet environment B has an 1dentical configuration
to the configuration of the intranet environment A, except that
the number of servers 1 or the number of client devices 3 1snot
necessarily same.

Meanwhile, instead of using the external network 101, a
dedicated communication line can be used to connect the
intranet environment A to the intranet environment B. Simi-
larly, instead of using the local network 2, dedicated commu-
nication lines can be used to connect the servers 1 to the
corresponding client devices 3 1n each of the intranet envi-
ronments A and B.

Moreover, the local network 2 can be configured to be
compatible to any one of wire communication, wireless infra-
red communication, wireless radio communication, optical
fiber communication, and the like.

In the network printing system 100, 1t 1s possible to carry
out print jobs at a printer arranged in the intranet environment
B by giving a printing instruction by using a server arranged
in the intranet environment A, and vice versa. For example, as
shown i FIG. 2, a printing instruction can be given to a
umquely-determined printer 31, which 1s one of a plurality of
printers 31 arranged in the intranet environment B, by using a
print server 11, which 1s one of the servers 1 arranged 1n the
intranet environment A.

FIG. 3 1s a block diagram for explaining an exemplary
hardware configuration of the print server 11. The print server
11 1ncludes a central processing unit (CPU) 41, a read only
memory (ROM) 42, a random access memory (RAM) 43, a
character generating unit 44, a time generating circuit 45, a
network communication control unit 47, a magnetic disk
drive 48, a storage medium drive unit 49, a display control
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unit 32, and an input-information obtaiming unit 5. An inter-
nal bus 56 1s used to interconnect the abovementioned hard-
ware components. Moreover, a network interface (I/F) 46 1s
arranged to itertace the print server 11 to the local network
2.

The CPU 41 controls the operations of the print server 11.
The ROM 42 1s used to store application programs and data
necessary for booting the print server 11. The RAM 43 func-
tions as a work area for the CPU 41. The character generating,
unit 44 generates graphic characters or display data. The time
generating circuit 45 generates current time and date.

The network communication control unit 47 performs
communication control processing of predetermined proto-
col suites. As a result, a variety of data can be communicated
between the print server 11 and the servers 1 or the client
devices 3 1n any one of the intranet environments A and B. For
example, the print server 11 can send print data to the
uniquely-determined printer 31 or recerve the status of ongo-
ing print jobs from the uniquely-determined printer 31.

The magnetic disk drive 48 1s used to store a variety of
application programs that run on an operating system (OS) of
the print server 11 and a variety of data such as work data, file
data, and 1image data. One of the application programs stored
in the magnetic disk drive 48 1s a print data transmission
program that 1s executed to send print data to a printer. The
storage medium drive unit 49 reads a compatible removable
storage medium 50 and obtains a variety of application pro-
grams or data stored therein.

When the print server 11 1s turned ON, the CPU 41
executes a loader routine stored 1in the ROM 42 and loads the
OS from the magnetic disk drive 48 into the RAM 43. The OS
manages the hardware components and the application pro-
grams 1n the print server 11. Subsequently, according to user
instructions, various functions such as executing application
programs, reading information, and storing information are
performed. An application program can be a computer pro-
gram that runs 1n the OS, or that performs partial execution of
any of the processing functions described below, or that 1s
included 1n a set of program files configuring an application
software or the OS. Meanwhile, the removable storage

medium 50 can be a compact disk read only memory (CD-
ROM), a flexible disk (FD), a CD recordable (CD-R), a CD

rewritable (CD-RW), a digital versatile disk (DVD), a semi-
conductor storage medium, and the like.

Generally, an application program 1s installed in the mag-
netic disk drive 48 from the removable storage medium 50.
However, 1t 1s also possible to directly execute an application
program Irom the removable storage medium 50. Moreover,
it 1s also possible to download an application program via the
network I'F 46 and 1nstall 1t 1n the magnetic disk drive 48.

The display control unit 52 controls the contents of an
operation screen that 1s displayed on a display device 51 such
as a cathode ray tube.

The input-information obtaining unit 35 obtains user
instructions and information mput from a keyboard 53 or a
pointing device 54 such as a mouse.

In the print server 11, a specific application program 1s
executed to generate printing document information. Mean-
while, the printing document information can also be
obtained by using the removable storage medium 350 or
obtained through the external network 101 1n the form of an
attachment to an electronic mail. The printing document
information 1s stored in the magnetic disk drive 48.

FIG. 4 1s a block diagram for explaining an exemplary
hardware configuration of each of the printers 31. Each of the
printers 31 includes a printer controller 61, an operation panel
62, a printer engine 63, and a magnetic disk drive 64. The
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printer controller 61 functions as a motherboard for managing
the hardware components and the printing operations of the
corresponding printer 31.

More particularly, based on a current print mode and a
printer control code, which 1s recerved from a print server
(e.g., the print server 11), the printer controller 61 converts
print data into 1image data and outputs the image data to the
printer engine 63. The printer controller 61 has a modular

configuration that includes a CPU 81, a RAM 82, a ROM 83,
anon volatile RAM (NV-RAM) 84, a font ROM 85, an engine
I/'F 86, an operation-panel I'F 87, a disk I/F 88, and a network

I'F 89. The CPU 81 controls the functioning of the corre-

sponding printer 31. The ROM 83 1s used to store printer-
specific information. The NV-RAM 84 1s used to store infor-
mation that needs to be retained even when power 1s turned
OFF. The font ROM 85 1s used to store a plurality of printing
fonts. The engine I/F 86 interfaces the printer controller 61 to
the printer engine 63. The operation-panel I'F 87 interfaces
the printer controller 61 to the operation panel 62. The disk I/'F
88 interfaces the printer controller 61 to the magnetic disk
drive 64.

The RAM 82 functions as a work area for the CPU 81, and
1s provided with a data buller area for temporarily storing
received data and with an 1image bufler area for temporarily
storing 1mages.

The printer controller 61 sends a print control signal to the
printer engine 63 via the engine I/F 86 and receives a print
status signal from the printer engine 63 via the engine I/'F 86.

The network I/F 89 interfaces the corresponding printer 31
to the local network 2 such that the printer 31 can communi-
cate print control signals, print status signals, print data, and
the like with the servers 1 1n the intranet environment A or the
intranet environment B.

A user can use the operation panel 62 to set various print
settings such as print status display setting, print mode set-
ting, and printing condition setting.

The printer engine 63 forms an 1image by an electrophoto-
graphic process and prints the 1mage on a recording medium
such as a sheet of recording paper or an overhead projector
(OHP) transparency. More particularly, based on 1image data
and print control information from the printer controller 61,
the printer engine 63 forms an image on a photosensitive
member (not shown) 1n an electrostatic manner and transiers
the 1mage on the recording medium.

The magnetic disk drive 64 1s used to store printing docu-
ment information, various iformation files, the OS, and a
plurality of application programs executed 1n the OS. One of
the application programs stored 1n the magnetic disk drive 64
1s a print job program that 1s executed to carry out a print job.

When a printer 31 i1s turned ON, the CPU 81 loads the OS
from the magnetic disk drive 64 into the RAM 82. The OS
manages the hardware components and the application pro-
grams 1n the printer 31. Subsequently, according to user
instructions, various functions such as executing application
programs, reading information, and storing information are
performed. An application program can be a computer pro-
gram that runs in the OS, or that performs partial execution of
any of the print processing functions described below, or that
1s included 1n a set of program files configuring an application
software or the OS.

Generally, an application program 1s installed 1n the mag-
netic disk drive 64 from a removable storage medium (not
shown). However, an application program can be directly
executed from the removable storage medium. Moreover, 1t 1s
also possible to download an application program via the
network I’F 89 and 1nstall 1t 1n the magnetic disk drive 64.
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Meanwhile, instead of the magnetic disk drive 64, 1t 1s also
possible to use a computer-readable storage medium such as
a semiconductor memory for storing various application pro-
grams and the OS.

Given below 1s the description of a substitutive printing
process 1n which one or more lower level printers are kept
ready to substitutively perform printing of print data in case a
problem occurs 1n a higher level printer while printing that
print data.

In the example shown 1n FIG. 2, when the uniquely-deter-
mined printer 31 receives print data from the print server 11,
the corresponding printer controller 61 converts the print data
into 1mage data based on the print control information and
outputs the image data to the corresponding printer engine 63.
A print command 1s 1ssued to the printer engine 63 to start
printing the image data. However, during the printing pro-
cess, there 1s a possibility that an error such as a paper-out
condition, a paper jam condition, or a toner empty condition
occurs 1n the uniquely-determined printer 31 thereby causing
interruption 1n the printing process. Usually, 1 such a case,
the printing process resumes only when a user manually
resolves the problem. However, 1n the network printing sys-
tem 100, the printing process can be prevented from interrup-
tion by instructing one of the remaining printers 31 1n the
intranet environment B (heremnatfter, “lower level printers
317) to continue printing of the print data in place of the
uniquely-determined printer 31. In the example shown in
FIG. 2, two lower level printers 31 are arranged with respect
to the uniquely-determined printer 31. Meanwhile, the
uniquely-determined printer 31 1s heremnafter referred to as
the main printer 31.

As described above, one of the application programs stored
in the magnetic disk drive 48 1s the print data transmission
program. When the print data transmission program 1s
executed 1n the OS of the print server 11, the CPU 41 accord-
ingly transmits the print data to the main printer 31.

Similarly, one of the application programs stored in the
magnetic disk drive 64 1s the print job program. When the
print job program 1s executed in the OS of the main printer 31,
the CPU 81 controls the main printer 31 to print the print data
transmitted by the print server 11.

FIG. 5 1s a block diagram for explaining a functional con-
figuration of each of the printers 31 implemented during the
substitutive printing process. As shown 1n FIG. 5, each of the
printers 31 includes a withhold command receiving unit 202,
a withhold command 1ssuing unit 203, a print data forwarding
unit 204, a data-delete command recerving unit 203, a data
deleting unit 206, a data-delete command 1ssuing unit 207, a
print-authorizing command recerving unit 208, a withhold
command cancelling unit 209, a print-authorizing command
1ssuing umt 210, a command recerving unit 211, a command
forwarding unit 212, a response information recerving unit
213, a response information appending unit 214, and an
appended information sending unit 215.

FIG. 6 1s a block diagram for explaining a functional con-
figuration of the print server 11 for the substitutive printing
process. As shown 1n FIG. 6, the print server 11 includes a
host-apparatus command 1ssuing unit 301, an appended 1nfor-
mation recerving unit 302, a print report generating unit 303,
and a print report sending umt 304.

FIG. 7 1s a diagram for explaining various functions per-
formed by a printer 31 during the substitutive printing pro-
Cess.

In a printer 31, upon completion of each print job, the
printer engine 63 sends a print-job completion notification to
the printer controller 61. Subsequently, by using a unique job
ID of the completed print job, the printer controller 61 stores
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the number of printed pages during the completed print job 1n
a print job managing table, which 1s maintained 1n the NV-
RAM 84. However, 11 the print job 1s interrupted due to an
error, then the printer engine 63 sends a print-job failure
notification to the printer controller 61. Subsequently, the
printer controller 61 stores an error code for the iterrupted
print job in the print job managing table.

Meanwhile, 1n the intranet environment B, the main printer
31 recerves various commands from the print server 11. A first
level printer 31, which 1s arranged as an immediate lower
level printer with respect to the main printer 31, recerves the
commands from the main printer 31. A second level printer
31, which 1s arranged as an immediate lower level printer with
respect to the first level printer 31, receives the commands
from the first level printer 31. For example, when the main
printer 31 receives a data transmission command or a print
status monitoring command from the print server 11, the
corresponding printer controller 61 forwards that command
to the first level printer 31. Similarly, when the first level
printer 31 recerves the data transmission command or the
print status monitoring command from the main printer 31,
the corresponding printer controller 61 forwards that com-
mand to the second level printer 31. On the other hand, when
the first level printer 31 receives a response corresponding to
the print status monitoring command (hereinafter, “print sta-
tus monitoring response’’) from the second level printer 31,
the corresponding printer controller 61 obtains page informa-
tion (e.g., number of printed pages) and error information
from the print status monitoring response, appends that infor-
mation to page information and error information of its own,
and updates the corresponding print job managing table with
the appended information. Similarly, when the main printer
31 recerves a print status momitoring response irom the first
level printer 31, the corresponding printer controller 61
obtains page information (including number of printed pages)
and error information from the print status monitoring
response, appends that information to page information and
error information of 1ts own, and updates the corresponding
print job managing table with the appended information.
Eventually, the main printer 31 sends the appended page
information and error information to the print server 11.

FIG. 8 1s a sequence diagram of an exemplary network
printing process 1n the network printing system 100. In the
example shown 1n FIG. 8, the intranet environment B includes
a main printer 31q, a first level printer 315, and a second level
printer 31¢, which have the identical configuration as the
abovementioned printers 31.

As described above, a main printer 1s uniquely determined
by the print server 11. Thus, the main printer functions as the
highest level printer and receives print data directly from the
print server 11. Meanwhile, the level of the lower level print-
ers can be maintained in a fixed order or can be varied for each
print job. For example, 1t 1s possible to store 1n each printer the
internet protocol (IP) address of an immediate lower level
printer to which print data or various commands are to be
forwarded. In the example shown 1n FIG. 8, the second level
printer 31¢ 1s configured as the immediate lower level printer
with respect to the first level printer 315, while the first level
printer 315 1s configured as the immediate lower level printer
with respect to the main printer 31a.

The network printing process described with reference to
FIG. 8 1s performed 1n the following sequence:

(1) The print server 11 issues a printer occupation com-
mand to the main printer 31a. As a result, the main printer 31a
functions as a dedicated printer to carry out print jobs
instructed only by the print server 11. The command forward-
ing unit 212 of the main printer 31a then forwards the printer
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occupation command to the command receiving unit 211 of
the first level printer 315. As aresult, the first level printer 315
also functions as a dedicated printer to carry out print jobs
instructed by the print server 11. In addition to that, the
withhold command 1ssuing unit 203 of the main printer 31a
1ssues a withhold command to the withhold command receiv-
ing unit 202 of the first level printer 315. The withhold com-
mand instructs the first level printer 315 to withhold printing.

(2) Subsequently, the command forwarding unit 212 of the
first level printer 315 forwards the printer occupation com-
mand to the command receirving unit 211 of the second level
printer 31¢, while the withhold command 1ssuing unit 203 of
the first level printer 315 1ssues a withhold command to the
withhold command receiving unit 202 of the second level
printer 31¢. Because no immediate lower level printer 1s
arranged with respect to the second level printer 31¢, 1t sends
back a response corresponding to the printer occupation com-
mand (heremafter, “printer occupation response”) to the
response information recerving unit 213 of the first level
printer 31b. The printer occupation response includes
response information (e.g., IP address) of the second level
printer 31¢. The response information appending unit 214 of
the first level printer 315 appends the response mnformation of
the second level printer 31 ¢ to response information of its own
(see F1G. 9). The appended response information 1s then sent
to the main printer 31a. The response information appending,
unit 214 of the main printer 31a then appends the response
information received from the first level printer 315 to
response mnformation of its own (see FI1G. 9). The appended
information sending unit 215 of the main printer 31a then
sends the appended response information to the appended
information receiving unit 302 of the print server 11.

In this way, the print server 11 obtains updated response
information regarding all the dedicated printers and keeps a
log of the updated response information.

Meanwhile, as described above, the main printer 31a com-
municates information with the print server 11 via the exter-
nal network 101 and the firewall 6. For that, either the firewall
6 can be configured to allow the communication of informa-
tion or the information can be communicated 1n the form of an
attachment to an electronic mail.

(3) The print server 11 then 1ssues a print-job 1mtiating
command to the main printer 31a. Consequently, the main
printer 31a performs a print-job mitiating process and for-
wards the print-job 1mitiating command to the first level
printer 315 along with a job ID of the mitiated print job.

(4) The first level printer 316 also performs a print-job
initiating process by using the recerved job ID. Performing a
print-job initiating process by using the same job ID leads to
synchronization of the print-job mitiating process in the main
printer 31a and the first level printer 315. Subsequently, the
first level printer 315 then forwards the print-job 1mitiating
command to the second level printer 31¢ along with the same
10b ID. The second level printer 31¢ performs a print-job
initiating process by using the receirved job ID. Thus, the
print-job 1nitiating process 1s maintained 1n synchronization
in the main printer 31a, the first level printer 315, and the
second level printer 31¢. Because no immediate lower level
printer 1s arranged with respect to the second level printer 31c¢,
it sends back a response corresponding to the print-job 1niti-
ating command (hereinaiter, “print-job mnitiating response™)
to the first level printer 315, which 1n turn sends a print-job
initiating response to the main printer 31a. Eventually, the
main printer 31a sends a print-job 1nitiating response to the
print server 11.

Subsequently, the main printer 31a prints the print data 1n
the mitiated print job. FIG. 10 1s a sequence diagram of an
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exemplary printing process of the imitiated print job when the
main printer 31a prints the print data in entirety without
occurrence of an error. The printing process with reference to
FIG. 10 1s performed 1n the following sequence:

(11) The print server 11 1ssues a print data transmission
command to the main printer 31a. The print data forwarding
unmt 204 of the main printer 31a forwards the print data
transmission command to the first level printer 3154.

(12) Subsequently, the print data forwarding unit 204 of the
first level printer 315 forwards the print data transmission
command to the second level printer 31¢. Because no imme-
diate lower level printer 1s arranged with respect to the second
level printer 31c¢, 1t sends back a response corresponding to
the data transmission command (heremafter, “print data
transmission response’”) to the first level printer 315 and per-
forms print data processing of the initiated print job. Eventu-
ally, the first level printer 315 sends a print data transmission
response to the main printer 3a, which 1n turn sends a print
data transmission response to the print server 11. Then, the
main printer 31a performs print data processing of the 1niti-
ated print job and prints the print data in the mitiated print job.

(13) For each printed and discharged page of the print data,
the data-delete command 1ssuing unit 207 of the main printer
31a 1ssues a print data deleting command to the data-delete
command receiving unit 205 of the first level printer 315.
Consequently, the data deleting unit 206 of the first level
printer 315 deletes the print data corresponding to the dis-
charged page. Subsequently, the data-delete command 1ssu-
ing unit 207 of the first level printer 315 forwards the print
data deleting command to the data-delete command receiving
unit 205 of the second level printer 31¢. Consequently, the
data deleting unit 206 of the second level printer 31¢ also
deletes the print data corresponding to the discharged page of
the print data. In this way, the deleted data corresponding to
the discharged pages 1s maintained 1n synchronization in the
main printer 31q, the first level printer 315, and the second
level printer 31c.

(14) The host-apparatus command 1ssuing unit 301 of the
print server 11 1ssues a print status monitoring command to
the command recerving unit 211 of the main printer 31a. The
command forwarding unit 212 of the main printer 31a then
forwards the print status monitoring command to the com-
mand recerving unit 211 of the first level printer 315.

(15) In turn, the command forwarding unit 212 of the first
level printer 315 forwards the print status monitoring com-
mand to the command recerving unit 211 of the second level
printer 31c. Because no immediate lower level printer 1s
arranged with respect to the second level printer 31c¢, i1t sends
back a print status monitoring response to the first level
printer 315, which 1 turn sends a print status monitoring
response to the main printer 31a.

As shown 1n FIG. 11, a higher level printer, which can be a
main printer, appends page information of a corresponding
lower level printer to page information of 1ts own to generate
appended page information. The page information of each
printer includes the total number of printed pages for the
initiated print job, the total number of printers, and the printer
information (e.g., IP address, job ID of iitiated print job,
number of printed pages) of each printer. In a higher level
printer, first, the response information receiving unit 213
receives the page information from the corresponding imme-
diate lower level printer. Then, the response information
appending umt 214 appends the received page information to
the page information of 1ts own and the appended information
sending unit 215 sends the appended page information to the
corresponding immediate higher level printer.
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Along with the page information, a higher level printer
appends error information of the corresponding lower level
printer to error information of 1ts own to generate appended
error information. The error information of each printer
includes an error code for the interrupted print job, the num-
ber of printers 1n which the print job was interrupted due to an
error, and 1ts own printer information. In the example shown
in FIG. 11, error information 1s not generated in the lower
level printer because no error occurs therein.

As shown 1n FIG. 10, upon generating the appended page
information and the appended error information, the main
printer 31a sends a print status monitoring response to the
print server 11. The print status monitoring response mcludes
the appended page information and the appended error infor-
mation. Subsequently, the printing process 1s completed
unless an error occurs in the main printer 31a.

Because of the print status monitoring response, the print
server 11 1s able to obtain the information regarding the total
number of printed pages of the 1nitiated print job and the print
status of each of the main printer 31a, the first level printer
31bH, and the second level printer 31¢. The print server 11
keeps a log of the information obtained from the print status
monitoring response. Meanwhile, 1n the example shown in
FIG. 10, the print data 1s printed in entirety by the main printer
31a. Thus, the total number of printed pages notified to the
print server 11 1s equal to the number of pages printed by the
main printer 31a.

FIG. 12 1s a diagram for explaining an exemplary page
information table T1 maintained in the RAM 43 of the print
server 11. The page information table T1 1s used to store the
appended page information obtained from the print status
monitoring response of the main printer 31a. The page infor-
mation table T1 includes three portions, namely, a, b, and ¢. In
the portion a, basic information such as the job ID of each
initiated print job and the number of printed pages for the
initiated print job 1s stored. In the portion b, the total number
of printers that sent the response mformation is stored. In the
portion ¢, the printer information of each printer (e.g., the IP
address, job ID of in1tiated print job, number of printed pages)
1s stored. Meanwhile, as described above, the job ID of the
print job 1nitiated by each printer 1s 1dentical.

FIG. 13 1s a diagram for explaining an exemplary error
information table T2 maintained in the RAM 43 of the print
server 11. The error information table T2 1s used to store the
appended error information obtained from the print status
monitoring response of the main printer 31a. The error infor-
mation table T2 includes three portions, namely, d, e, and 1. In
the portion d, information such as the error code for each
interrupted print job and the printers at which the print job
was 1nterrupted 1s stored. In the portion e, the number of
printers at which the print job was iterrupted 1s stored. In the
portion I, the printer immformation each printer (e.g., IP
address, job ID of the interrupted print job, and number of
printed pages for the interrupted print job) at which the print
10b was interrupted 1s stored. Meanwhile, as described above,
the job ID of the print job interrupted 1n any of the printers 1s
identical.

FI1G. 14 1s a sequence diagram of an exemplary substitutive
printing process when an error occurs in the main printer 31a
while printing the print data. A substitutive printing process
can be performed when a plurality of printers 1s connected via
a LAN by using a linear topology, a star topology, a ring
topology, and the like. In such a configuration, 1t 1s possible to
substitutively perform printing of print data 1n a substitute
printer in case a problem occurs in the current printer while
printing that print data.
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The substitutive printing process with reference to FI1G. 14
1s performed 1n the following sequence:

(16) I an error occurs in the main printer 31a while print-
ing the print data, then the print-authorizing command 1ssuing
unit 210 of the main printer 31a 1ssues a print authorizing
command to the print-authorizing command recerving unit
208 of the first level printer 315. The main printer 31a then
aborts printing of the print data and withholds printing there-
aiter.

(17) Subsequently, the withhold command cancelling unit
209 of the first level printer 315 cancels the withhold com-
mand assigned thereto. As a result, the first level printer 315
can substitutively start to print the print data in place of the
main printer 31a.

(18) For each printed and discharged page of the print job,
the data-delete command 1ssuing unit 207 of the first level
printer 315 1ssues a print data deleting command to the data-
delete command recerving unit 205 of each of the main printer
31a and the second level printer 31¢. Consequently, the data
deleting unit 206 of each of the main printer 31¢ and the
second level printer 31¢ deletes the print data corresponding,
to the discharged page.

(19) The host-apparatus command 1ssuing unit 301 of the
print server 11 1ssues the print status monitoring command to
the command recerving unit 211 of the main printer 31a. The
command forwarding unit 212 of the main printer 31a then
forwards the print status monitoring command to the com-
mand recerving unit 211 of the first level printer 315.

(20) In turn, the command forwarding unit 212 of the first
level printer 315 forwards the print status monitoring com-
mand to the command recerving unit 211 of the second level
printer 31c. Because no immediate lower level printer 1s
arranged with respect to the second level printer 31c¢, i1t sends
back a print status monitoring response to the first level
printer 315, which 1 turn sends a print status monitoring
response to the main printer 31a. Eventually, the main printer
31a sends a print status monitoring response to the print
server 11. The print status monitoring response includes the
page information and the error information of each of the
main printer 31a, the first level printer 315, and the second
level printer 31c. As a result, the print server 11 1s able to
obtain the information regarding the total number of printed
pages and the print status of each of the main printer 314, the
first level printer 315, and the second level printer 31¢. The
print server 11 keeps a log of the information obtained from
the print status monitoring response of the main printer 31a.
Meanwhile, 1n the example shown 1n FIG. 14, the print data 1s
printed {irst by the main printer 31a and then by the first level
printer 315. Thus, the total number of printed pages notified to
the print server 11 1s equal to the addition of the number of
pages printed by the main printer 31a and the number of pages
printed by the first level printer 315.

In this way, even 1f an error occurs 1n the main printer 31a
while printing the print data, the error information is not
immediately notified to the print server 11. Instead, the first
level printer 315 1s instructed to substitutively continue the
printing process. Similarly, even if an error occurs 1n the first
level printer 316 while printing the print data, the second level
printer 31c¢ 1s instructed to substitutively continue the printing
without immediately notifying the error information to the
print server 11 (see FIG. 15).

When an error occurs only 1n the main printer 31a, the
appended error information notified to the print server 11
includes the error information only of the main printer 31a. If
the first level printer 315 successtully prints the remaining
print data, then no error information 1s generated therein.
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FIG. 16 1s a diagram for explaining an exemplary substi-
tutive printing process when an error occurs in each of the
main printer 31a and the first level printer 315 while printing
the print data. In the example shown 1n FIG. 16, 1t 1s assumed
that the print server 11 instructs the main printer 31a to print
10 pages of print data. The main printer 31a 1s assumed to
print the first five pages before an error occurs therein. Simi-
larly, the first level printer 315 1s assumed to print the subse-
quent three pages before an error occurs therein. Eventually,
the second level printer 31¢ 1s assumed to successtully print
the last two pages such that the printing process 1s complete.
In this case, the appended error information notified to the
print server 11 includes the error information of the main
printer 31a and the first level printer 315.

When the print server 11 recerves the print status monitor-
ing response from the main printer 31aq, it 1s able to obtain the
information regarding the number of printed pages at each of
the main printer 31q, the first level printer 315, and the second
level printer 31¢ as well as the error information of the main
printer 31a and the first level printer 315.

Upon completion of each printing process, the print server
11 releases the main printer 31q, the first level printer 315, and
the second level printer 31¢ from the dedicated status 1n the
tollowing sequence with reference to FIG. 8:

(5) First, the print server 11 1ssues a print-job closing
command to the main printer 31a. Consequently, the main
printer 31a closes the initiated print job and forwards the
print-job closing command to the first level printer 315.

(6) Subsequently, the first level printer 315 closes the 1ni-
tiated print job and forwards the print-job closing command
to the second level printer 31¢. Because no immediate lower
level printer 1s arranged with respect to the second level
printer 31¢, it sends back a response corresponding to the
print-job closing command (hereinafter, “print-job closing
response”) to the first level printer 315, which 1n turn sends a
print-job closing response to the main printer 31a. Eventu-
ally, the main printer 31a sends a print-job closing response to
the print server 11 indicating that each of the main printer 31a,
the first level printer 315, and the second level printer 31¢ has
closed the mitiated print job.

(7) The print server 11 then 1ssues a printer releasing com-
mand to the main printer 31a such that the main printer 31a 1s
released from the dedicated status with respect to the print
server 11. The main printer 31a then forwards the printer
releasing command to the first level printer 315.

(8) Consequently, the first level printer 315 1s released from
the dedicated status with respect to the print server 11. The
first level printer 3156 then forwards the printer releasing com-
mand to the second level printer 31¢. Because no immediate
lower level printer 1s arranged with respect to the second level
printer 31¢, it sends back a response corresponding to the
printer releasing command (hereinafter, “printer releasing,
response”) to the first level printer 315, which 1n turn sends a
printer releasing response to the main printer 31a. Eventually,
the main printer 31a sends a printer releasing response to the
print server 11 indicating that each of the main printer 31q, the
first level printer 315, and the second level printer 31c 1s
released from the dedicated status with respect to the print
server 11.

FI1G. 17 1s a sequence diagram of an exemplary print report
generating process performed after completion of the substi-
tutive printing process described with reference to FIG. 16. In
the print server 11, the print report generating unit 303 gen-
crates a print report based on the page information table T1
and the error information table T2. Subsequently, the print
report sending unit 304 sends the print report to the main
printer 31a.
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The print report 1s then sequentially forwarded to the first
level printer 315 and the second level printer 31¢. The second
level printer 31c¢ 1s instructed, as the last printer to perform
substitutive printing, to print the print report.

FIG. 18 1s adiagram of an exemplary printreport generated
by the print report generating umt 303 and printed by the
second level printer 31¢. The print report includes the job 1D
of the mitiated print job, a document name of the 1nitiated
print job, and the total number of printed pages of the initiated
print job. The print report also includes the printer informa-
tion of each of the main printer 314, the first level printer 315,
and the second level printer 31¢. The printer information of
cach printer includes the IP address, the page number of the
first printed page, the page number of the last printed page, the
total number of pages printed, and error information. By
circulating the print report to each of the main printer 314, the
first level printer 315, and the second level printer 31¢, 1t
becomes possible to crosscheck whether the substitutive
printing process 1s performed properly. Moreover, by
instructing the second level printer 31¢ to print the print
report, 1t becomes possible for the user to confirm the number
ol pages printed at each of the main printer 314, the first level
printer 315, and the second level printer 31¢ by.

To sum up, a higher level printer 1n a network printing
system 1ssues a withhold command to an immediate lower
level printer by which the lower level printer 1s instructed to
withhold printing. Then, the higher level printer forwards
print data, which 1s transmitted by a host apparatus (e.g., print
server), to the lower level printer. Moreover, for each printed
and discharged page of the print data, the higher level printer
1ssues a print data deleting command to the lower level printer
by which the lower level printer 1s instructed to delete a
portion of the print data corresponding to the printed page. As
a result, the deleted data corresponding to the discharged
pages 1s maintained i1n synchronization in the higher level
printer and the lower level printer. That facilitates in mstruct-
ing the lower level printer to substitutively perform printing
of the print data in place of the higher level printer in case an
error such as a paper-out condition, a paper jam condition, or
a toner empty condition occurs in the higher level printer
while printing the print data. For that, the withhold command
assigned to the lower level printer 1s cancelled by authorizing
it to substitutively print the print data. In this way, even 1f the
host apparatus and the printers are arranged 1n separate intra-
net environments connected by an external network, the
abovementioned substitutive printing process enhances the
reliability of the network printing system.

In other words, because of the substitutive printing process,
the print data 1s successtully printed 1rrespective of an error in
one or more printers 1n the network printing system. That
enhances the reliability of the network printing system.

Meanwhile, printer information (e.g., print status and num-
ber of printed pages) of a lower level printer 1s appended to
printer information of a corresponding immediate higher
level printer. Such appended printer information of all the
printers 1s sent to the host apparatus. As a result, the host
apparatus 1s able to accurately obtain the information regard-
ing the total number of printed pages and the print status of
cach printer 1n the network printing system.

Moreover, based on the printer information, the host appa-
ratus generates a print report. The print report 1s circulated to
cach printer such that it 1s possible to crosscheck whether the
substitutive printing process 1s performed properly. Further-
more, a lower level printer that performs the substitutive
printing at the last 1s 1instructed to print the print report. That
enables a user to confirm the number of pages printed at each
printer.
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Thus, according to an aspect of the present ivention, a
plurality of printers 1s connected to perform a substitutive
printing process thereby enabling reliably printing of print
data even 1f an error occurs 1n one or more printers.

Moreover, the print data 1s successtully printed without
interruption thereby reducing the man-hours that are con-
sumed 1n system recovery 1n case of an interruption.

What 1s claimed 1s:

1. A printing device configured to print printing target data
received from a host apparatus on a recording medium, the
printing device connectable to a lower level printing device
that 1s a different printing device arranged on a downstream
side with respect to the host apparatus via a network, the
printing device comprising:

a withhold command 1ssuing unit that causes the printing,

device to function as a dedicated printer upon a reception
ol a printer occupation command from the host appara-
tus and 1ssues a withhold command to the lower level
printing device to instruct the lower level printing device
to withhold printing, wherein, when recewving the
printer occupation command from the host apparatus,
the withhold command 1ssuing unit starts a session
based on a response provided by each of a plurality of
printers 1n response to the printer occupation command;

a data sending unit that sends the printing target data to the
lower level printing device;

a printing unit that prints the printing target data on a
recording medium on a page by page basis; and

a data-delete command 1ssuing unit that, for each printed
page printed by the printing unit, 1ssues a print data
deleting command to the lower level printing device to
instruct the lower level printing device to delete a portion
of the printing target data corresponding to the printed
page, wherein, when a printing of a last page 1s com-
pleted, the printing device recerves a printer releasing
command from the host apparatus, forwards the printer
releasing command to each of the plurality of printers,
receives a response from each of the plurality of printers,
and sends the response to the host apparatus to end the
session according to the response sent to the host appa-
ratus.

2. The printing device according to claim 1, further com-

prising;:

a print-authorizing command 1ssuing unit that, when the
printing device 1s unable to perform a printing, 1ssues a
print authorizing command to the lower level printing
device, the print authorizing command 1nstructing the
lower level printing device to cancel the withhold com-
mand.

3. The printing device according to claim 1, further com-

prising:

arequest receiving unit that receives arequest from the host
apparatus;

a generating unit that generates first response iformation
corresponding to the request;

a request forwarding unit that forwards the request to the
lower level printing device;

a response recerving unit that receirves second response
information from the lower level printing device corre-
sponding to the request;

an appending unit that appends the first response informa-
tion and the second response mformation to obtain an
appended response; and

a sending unit that sends the appended response to the host
apparatus.

4. The printing device according to claim 3, wherein the

request 1s a print status monitoring request for monitoring a
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print status of the printing device and the lower level printing
device, the first response imformation includes imnformation
regarding the print status of the printing device and the second
response information includes information regarding the
print status of the lower level printing device.

5. The printing device according to claim 1, wherein the
printing device has an 1dentical configuration with the lower
level printing device.

6. A printing device configured to print printing target data
received from a host apparatus on a recording medium, the
printing device connected to a higher level printing device
that 1s a different printing device arranged on an upstream side
with respect to the host apparatus via a network and the
printing device 1s connectable to a lower level printing device
that 1s a different printing device arranged on a downstream
side with respect to the host apparatus via a network, the
printing device comprising:

a withhold command receiving unit that receives a with-
hold command from the higher level printing device and
causes the printing device to function as a dedicated
printer upon a reception of a printer occupation com-
mand from the higher level printing device, the withhold
command nstructing the printing device to withhold
printing;

a withhold command forwarding unit that forwards the
withhold command to the lower level printing device,
the withhold command instructing the lower level print-
ing device to withhold printing, wherein, when the with-
hold command receiving unit receives the printer occus-
pation command from the higher level printing device,
the withhold command forwarding unit starts a session
based on aresponse provided by the lower level printing
device 1n response to the printer occupation command;

a data recerving unit that recerves printing target data from
the higher level printing device;

a data sending unit that sends the printing target data to the
lower level printing device;

a printing unit that prints the printing target data on a
recording medium on a page by page basis;

a data-delete command recerving unit that receives a print
data deleting command from the higher level printing
device, the print data deleting command instructing the
printing device to delete a portion of the printing target;

a data deleting unit that deletes the portion of the printing,
target data specified 1n the print data deleting command;
and

a data-delete command forwarding unit that forwards the
print data deleting command to the lower level printing
device 1f 1nstalled, the printing target data deleting com-
mand instructing the lower level printing device to delete
the portion of the printing target data specified in the
print data deleting command, wherein, when a printing
If a last page 1s completed, the printing device receives a
printer releasing command from the higher level print-
ing device, forwards the printer releasing command to
the lower level printing device, receives a response from
the lower level printing device, and sends the response to
the higher level printing device to end the session
according to the response sent to the higher level print-
ing device.

7. The printing device according to claim 6, further com-

prising:

a print-authorizing command receiving unit that, when the
higher level printing device 1s unable to perform print-
ing, recerves a print authorizing command from the
higher level printing device, the print authorizing com-
mand instructing to cancel the withhold command;
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a withhold command cancelling unit that, when the print-
authorizing command recerving unit receives the print
authorizing command, cancels the withhold command
and makes the printing unit ready to perform the printing
withheld by the printing device; and d

a print-authorizing command 1ssuing unit that, when the
printing device 1s unable to perform the printing with-
held by the printing device, 1ssues a print authorizing
command to the lower level printing device.

8. The printing device according to claim 6, further com-

prising:

a request recerving unit that receives a request from the
higher level printing device;

a generating unit that generates first response information
corresponding to the request;

a request forwarding unit that forwards the request to the
lower level printing device;

a response recerving unit that receives second response
information from the lower level printing device corre- 2
sponding to the request;

an appending unit that appends the first response informa-
tion and the second response mformation to obtain an
appended response; and

a sending unit that sends the appended response to the 25
higher level printing device.

9. The printing device according to claim 8, wherein the
request 1s a print status monitoring request for monitoring a
print status of the printing device and the lower level printing
device, the first response imnformation includes imformation 30
regarding the print status of the printing device, and the sec-
ond response information includes information regarding the
print status of the lower level printing device.

10. The printing device according to claim 6, wherein the
printing device has an 1dentical configuration with the higher 35
level printing device and with the lower level printing device.

11. A printing system including two or more printing
devices to perform a printing of printing target data recerved
from a host apparatus, the host apparatus being connected to
the printing devices via a network, the printing system com- 40
prising;:

a withhold command issuing unit that causes a highest
level printing device arranged on an upstream side of
data communication to function as a dedicated printer
upon a reception of a printer occupation command from 45
the host apparatus, wherein, when recerving the printer
occupation command from the host apparatus, the with-
hold command 1ssuing unit starts a session based on a
response provided in response to the printer occupation
command by a lowest level printing device arranged on 50
a downstream side of the data communication:

a monitoring request sending unit that sends a print status
monitoring request generated by the host apparatus to a
highest level printing device;

a monitoring request forwarding unit that sequentially for- 55
wards a print status monitoring request from the highest
level printing device to the lowest level printing device;

an appending unit that appends response information gen-
crated 1n each of the printing devices corresponding to
the print status monitoring request in a sequence from
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the lowest level printing device to the highest level print-
ing device to obtain an appended response;

an appended response sending unit that sends the appended
response to the host apparatus, wherein, when a printing
of a last page 1s completed, the highest level printing
device recerves a printer releasing command from the
host apparatus, forwards the printer releasing command
to the lowest level printing device, receives a response
from the lowest level printing device, and sends the
response to the host apparatus to end the session accord-
ing to the response sent to the host apparatus;

a print report generating unit that, based on the appended
response, generates a print report regarding a print status
of each of the printing devices; and

a print report sending unit that sends the print report to a
printing device from among the printing devices that
performs a printing last.

12. A printing system including two or more printing
devices to perform a printing of printing target data recerved
from a host apparatus, the host apparatus being connected to
the printing devices via a network, the printing system com-
prising;:

a withhold command issuing unit that causes a highest
level printing device arranged on an upstream side of a
data communication to function as a dedicated printer
upon a reception of a printer occupation command from
the host apparatus, wherein, when recerving the printer
occupation command from the host apparatus, the with-
hold command 1ssuing umit starts a session based on a
response provided in response to the printer occupation
command by a lowest level printing device arranged on
a downstream side of the data communication:

a request sending unit that sends a request generated by the
host apparatus to each of the printing devices 1n a
sequence from a highest level printing device to the
lowest level printing device;

an appending unit that appends response information gen-
crated 1n each of the printing devices corresponding to a
print status monitoring request 1 a sequence from the
lowest level printing device to the highest level printing
device to obtain an appended response; and

an appended response sending unit that sends the appended
response to the host apparatus, wherein, when a printing
of a last page 1s completed, the highest level printing
device receives a printer releasing command from the
host apparatus, forwards the printer releasing command
to the lowest level printing device, receives a response
from the lowest level printing device, and sends the
response to the host apparatus to end the session accord-
ing to the response sent to the host apparatus.

13. The printing system according to claim 12, wherein the
print status monitoring request 1s for monitoring a print status
of the highest level printing device and the lowest level print-
ing device, and the response mformation imncludes informa-
tion regarding the print status of the highest level printing
device and information regarding the print status of the lowest
level printing device.

14. The printing system according to claim 12, wherein
cach of the printing devices has an 1dentical configuration.
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